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Abstract

This review provides a comprehensive analysis of modern scientific and practical approaches to reactive extrusion
(REX) of polyethylene terephthalate (PET) - a method that allows integrating the stages of synthesis, modification
and processing of the material in a single high-performance technological process. A wide range of chemical agents
is considered, including di- and polyepoxides, isocyanates, dianhydrides, bisoxazolines, biscaprolactams and organic
phosphites, which act as chain extenders and promoters of chemical modification reactions of PET. The mechanisms
of interaction of these reagents with carboxyl and hydroxyl end groups of the polymer, which are formed as a result
of its thermal and hydrolytic degradation, are considered in detail. The influence of each type of modifier on the
increase in molecular weight, change in melt flow index, rheological characteristics and complex of
physicomechanical properties of the material is analyzed. Particular emphasis is placed on the use of structure-
forming agents (nucleators) and reactive impact modifiers to optimize the supramolecular structure and overcome
the natural brittleness of PET. The work systematizes the literature data and experimental experience of the article
authors on the restoration of the properties of secondary PET and formulates recommendations for the selection of
optimal systems for obtaining high-quality polymer matrices for engineering plastics and polymer composite
materials based on them.

Keywords: reactive extrusion; poly(ethylene terephthalate); chain extender; nucleating agent; structure-directing agent.

PEAKTHUBHA EKCTPY3IA NIOJI(ETUJIEHTEPE®TAJIATY): OIJIA/

Hennc O. YepBakoB™, Koctautun €. Bapnan?, Oner B. YepBakos!?, Osbra C. CBepanikoBcbKal
1YkpaiHcoKkull depacasHull yHisepcumem HayKu i mexHosozill, Haykogo-HasyanbHUll iHcmumym «YkpaiHcokull depicasHull
XiMiKO-mexHo/102i4HUll yHisepcumemy, np. Hayku, 8, [Jninpo, 49005, Ykpaina
2Haykoso-ocgimHuitl iHcmumym «Aepokocmivnuill iHcmumymy», npocnekm Hayku, 8, [Jninpo, 49005, Ykpaina

AHoTanis

Y nbomy orJisii npoBejeHO KOMIJIEKCHUH aHaJIi3 CyYaCHUX HAayKOBO-NPAaKTUYHMX NiAX0/IB 10 peaKTUBHOI eKCTpy3ii
(REX) mosietunentepedranary (IIET) - mMeToay, sKMH A03BOJISIE iHTerpyBaTu crajii cuHTe3dy, Mogudikanii Tta
nepepo6KM MarTepiajJy B €AUHOMY BHCOKONPOAYKTHBHOMY TeXHOJIOTiYHOMY mnpouneci. Po3risaHyTo MHUPOKY
HOMEHKJIaTypy XiMiYHMX areHTiB, BK/II0YAl0UM M- Ta NOJIieNOKCUAM, i3oniaHaTH, AiaHrigpuaM, Gicokca3oJiiHM,
GickanpoJiakTaMM Ta opraHiyHi ¢ocdiTy, 0 BUKOHYIOTh POJIb NOJ0BXKYBAayiB JIAHIIOra Ta NPOMOTOPIB peakuin
ximiyHoi mogudikanii IIET. JeTasnbHO pO3r/sHYTIi MeXaHi3MHU B3a€MOJii IUX peareHTIiB 3 Kap6OKCU/JIbHMMHU Ta
TriApOKCUIBHUMH KiHIleBUMHU IrpynaMHM NoJiiMepy, IKi yTBOPIOIOTbCA BHACAIAOK HOro TepMidHoi Ta rigpoaituyHoi
Aerpajanii. IIlpoaHanizoBaHO BIUIMB KOXKHOTO THUNy MoAMdikaTopiB Ha NpPHUpICT MOJIEKYJSIpHOI MacH, 3MiHY
NMOKa3HHUKa TEKYy4oCTi po3IJaBy, PeOJIOTiYHi XapaKTepUCTMKHU Ta KOMIUIeKC (izMKo-MeXaHiYHMX BJIACTUBOCTEM
MmaTepiasy. OKpeMHH aKLeHT 3p06JIeHO Ha 3aCTOCYyBaHHi CTPYKTYpOyTBOPIOWYHX areHTIiB (HykJjeaTopiB) Ta
peakTUBHMX MoaudikaTopiB yaapHoi MinmHocTi A onTuUMi3anii HagMOJIEKYJAPHOI CTPYKTYpU Ta NOAOJIAaHHA
npupoaHoi kpuxkocTi IIET. Po6oTa cucremaTnsye JaHi JiTepaTypH Ta eKClepUMeHTa/IbHUMA AOCBij aBTOPIB cTaTTi
10/I0 BifAHOBJIEHHA BjaacTuBocTeil BTopuHHOro IET Ta ¢popmyai0€ pekoMeHAalii CTOCOBHO BUGOPY ONTHMa/JIbHHUX
cucTeM AJI OJep>KaHHSA BHCOKOSKICHHUX MNOJIMEPHHUX MaTpHMUb JJd iHXKeHepHUX IUIaCTUKIB Ta MNOJiMepHHUX
KOMNO3UIiHHUX MaTepiasiiB Ha iX OCHOBI.

Kawuosi  caosa: peakTUBHA  eKCTpy3id; noJiieTujseHTepedTaNAT; MOJOBXKYBay  JIAHLIIOTa; HYKJIeaTop;
CTPYKTYpPOYTBOPIOIOYH I areHT.
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Introduction

Reactive extrusion (REX) is a high-throughput
method for producing new and/or modified
polymeric materials within a single technological
process via extrusion [1-5]. REX integrates
conventionally separate stages - polymer
synthesis/modification and granulation/product
shaping - into a unified operation using twin-
screw or multi-screw extruders. During extrusion,
the following processes occur: melting,
homogenization, structuring, removal of volatile
components (via vacuum degassing in the
homogenization zone(s)), and strand formation,
followed by granulation and conversion into final
products through injection molding, extrusion
blow molding, continuous profile extrusion etc.

REXis a relatively recent method for producing
specialty polymeric materials and has gained
increasing popularity since the mid-1980s [5-13].
Many compounding companies consider REX an
effective approach for obtaining blends and

mixtures of thermodynamically incompatible
thermoplastics, copolymers, and modified
polymers [7-9].

Despite its advantages, REX is still

underutilized in polymer modification and
synthesis. This is largely due to limited
understanding of the chemical transformations
involving polymers (including their blends and
alloys) during mechano-, chemical-, thermal-, and
photo-degradation, as well as the mechanisms of
interaction between degradation products and
modifying agents [1-5, 10].

Recent studies [5-13] have shown that the
formation  of low-molecular-weight and
oligomeric derivatives bearing unsaturated,
hydroxyl, and carboxyl groups during polymer
degradation and processing enables subsequent

polymerization, polycondensation, and chain
extension reactions with so-called chain extenders
(CE). Based on the pathways of hydrolytic,
thermal, thermo-oxidative, thermo-mechanical,
and photo-induced degradation, a wide range of
potential reactions between PET degradation
products and CEs can be realized. However,
hydrolytic degradation typically generates
significant moisture, which may accelerate
degradation but also react with the chain
extender, adversely affecting the molecular
weight build-up of the target product and,
consequently, reducing the performance
properties of the modified PET.

Analysis and Discussion of Literary
Sources

Reactive extrusion of
terephthalate) with chain extenders

The most suitable compounds for chain
extension of PET during reactive extrusion include
di-, tri-, and tetra-epoxides; carbodiimides; di- and
triisocyanates; oxazolines; dianhydrides; and
caprolactams [13-15]. In addition to chain
extenders (CEs), chain extension promoters from
the class of organic phosphites may also be
employed [16-17].

Reactive extrusion of poly(ethylene
terephthalate) in the presence of diepoxides

According to  studies [16-19], the
incorporation  of commercially available
diepoxides into molten PET significantly increases
its molecular weight and enhances its physico-
mechanical properties. The following chain
extension mechanisms have been proposed,
involving degradation products containing
hydroxyl (OPET-HG) and carboxyl (OPET-CG) end
groups:

poly(ethylene
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Reaction of OPET-CG and OPET-HG with diepoxides

The components were blended in a laboratory
reactor at 270 °C for 5-10 minutes under different
atmospheres (air and nitrogen). Prior to blending,
PET underwent solid-state polycondensation
(SSP) for 24 hours at 120 °C. The modified PET
was washed with acetone to remove residual
diepoxides and ground into a powder for further
physicochemical characterization.

To confirm the effectiveness of diepoxide-
based chain extension, a series of reactive
extrusion experiments were conducted using
Epon 1009 as a model diepoxide [20]. Prior to
extrusion, PET samples underwent SSP at 160 °C
for 2 hours to ensure sufficient availability of
reactive hydroxyl and carboxyl end groups. The
incorporation of 0.8 wt.% diepoxide under these
conditions led to a reduction in melt flow index
from 4.5 to 2.0g/10min for crystalline PET,
indicating a substantial increase in molecular
weight. Intrinsic viscosity increased from 0.63 to
0.83 dl/g, tensile strength improved from 48.6 to
54.3 MPa, and elongation at break from 51 % to

73 % [20].
These results confirm that diepoxides
effectively participate in polycondensation

reactions with PET degradation products,
provided that SSP is properly optimized. The
observed improvements in rheological and
mechanical properties are consistent with earlier
findings [17; 21], where molecular weight
increased from 29,300 to 33,900 (and up to
49,000 when using diimidoepoxide), tensile
strength from 32 to 62 MPa, and elastic modulus
from 1.3 to 1.8 GPa. Thermal analysis revealed a
decrease in melting temperature (from 255 °C to
237 °C) and glass transition temperature (from
77 °C to 68°C), consistent with increased chain
mobility and partial morphological reorganization
[16-19].

However, Charpy impact strength showed a
slight decline (e.g., from 5 to 4 kJ/m? for PET-CG),
suggesting that diepoxide modification does not
significantly enhance supramolecular toughness.
This limitation is likely associated with unchanged
crystallinity = and  aggregate  architecture.

Moreover, literature data indicate that while
diepoxides effectively increase molecular weight
and improve tensile properties, they do not
consistently enhance resistance to dynamic and
impact loads [22;23], which restricts their
applicability in engineering-grade PET
formulations where toughness is critical.

Therefore, the use of diepoxides should be
complemented by additional morphological
regulators or impact modifiers to achieve a
balanced property profile

Reactive extrusion of poly(ethylene
terephthalate) in the presence of tri- and
tetraepoxides

In study [16], the effect of commercially
available chain extenders from the tri- and
tetraepoxide classes-namely glycidyloxy-
diglycidylaniline and
tetraglycidyldiaminodiphenyl-methane - on the
molecular weight and rheological properties of
modified PET was investigated. The modification
was carried out in a twin-screw extruder at a
processing temperature of 270°C. Prior to
blending, PET underwent SSP for 6 hours at
150°C, while the tri-epoxide (TE) and tetra-
epoxide (TTE) compounds were dried to constant
weight at 40-50 °C for 24 hours.

The authors found that the incorporation of TE
and TTE into molten PET significantly increased
its molecular weight - from 29,700 to 51,000. The
highest molecular weight was achieved using TTE
at a concentration of 0.4 wt.%. The study also
reported that TTE exhibits higher reactivity than
TE, whereas TE tends to produce less branched
copolymers compared to TTE.

One of the most significant findings was that
the polycondensation primarily involves reactions
between CE and the carboxyl end groups and then
by hydroxyl groups of PET and CE , through
mechanisms analogous to reactions of (1-3). The
authors also noted that the supramolecular
architecture of modified PET remains largely
unchanged when using TTE and TE.

Analysis of the presented data indicates that
the study [16] was conducted with the aim of
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producing rigid PET-based foams [17]. It was
observed that modification of PET with tri- and
tetraepoxides leads to the formation of a
substantial number of volatile by-products, which
effectively facilitates PET foaming. However, the
resulting materials in thick layers (over 1 mm)
exhibited low resistance to dynamic and impact
loads, likely due to crystallization processes
occurring in the solid phase of PET.

Reactive extrusion of poly(ethylene
terephthalate) in the presence of bisoxazolines

Studies [17-21] have shown that compounds
from the oxazoline class are effective chain
extenders for thermoplastic polyesters and
polyamides. Among them, bisoxazolines based on
dicarboxylic and benzoic acids from the following
homologous series have been identified as the
most efficient CEs
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It has also been reported [18-23] that within
the described homologous series, the most
effective CE is phenylene bisoxazoline (PBO). In
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general, the interaction between OPET-CG and
BOX proceeds via the following mechanism (4):
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Reaction between OPET-CG and bisoxazolines

Unfortunately, limited attention was given to
the SSP treatment of PET in these studies, with the
material reportedly subjected only to drying at
120 °C for 30 minutes [10; 18-23]. The interaction
between PBO and OPET-CG was carried out in a
laboratory reactor at temperatures ranging from
270 to 280°C. The results indicated that
introducing PBO in a stoichiometric ratio relative
to the carboxyl end groups of OPET-CG increased
the molecular weight from 30,000 to 35,000.

Based on the publication frequency on this
topic [18-22] and the lack of industrial
implementation of PBO as a CE for PET, it is likely

that the authors encountered the same issue
observed with diepoxides-namely, insufficient

mechanical performance of the modified
materials.
Reactive extrusion of poly(ethylene

terephthalate) in the presence of dianhydrides

Studies on the regeneration of recycled PET via
REX [24-26] have demonstrated that
dianhydrides can serve as effective CEs. The
authors [27-29] proposed that pyromellitic
dianhydride (PMDA) [20] interacts with PET in a
two-step mechanism:
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Step 1 - Chain extension reaction during REX involving hydroxyl end groups of PET and

PMDA, without the formation of by-products.
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Step 2 - Polycondensation involving the
carboxyl groups of the intermediate product
(formed by according reaction 5) and the hydroxyl
end groups of OPET-HG during REX, accompanied
by the release of two molecules of water

The components were blended in a twin-screw
extruder at a processing temperature of 280 °C.
Prior to blending, PET underwent SSP under
vacuum for 12 hours at 110 °C [30]. The authors
reported that the incorporation of PMDA into
molten PET during REX significantly increased its
molecular weight - from 19,800 to 32,000. It was
also determined that the maximum molecular
weight was achieved at a PMDA concentration of
0.75 wt.%.

Thus, the study concluded that the use of PMDA
as a chain extender is an effective strategy for

restoring the properties of recycled PET.
I
--OC—OH + O=C=N—-R—. ..

(0}

o (6)
However, the authors did not report the key
physical-mechanical properties of the modified
PET, and the limited frequency of publications on
this topic [30; 31] prevents a comprehensive
assessment of PMDA’s effectiveness as a chain
extender

Reactive extrusion of poly(ethylene
terephthalate) in the presence of isocyanates

Due to their high reactivity and extensive
coverage in the literature, compounds from the
isocyanates class are widely used and well-studied
as chain extenders for various polymers, including
PET, PBT, POM, PC, and PA [32-38]. In general, the
interaction of isocyanates with PET degradation
products occurs via chain extension reactions
involving carboxyl and hydroxyl end groups, as
illustrated by the following mechanisms [38-39]:

©)

0
I Il
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I
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Interaction of isocyanates with carboxyl and hydroxyl end groups of PET degradation products
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The components were blended in a twin-screw
extruder at a processing temperature of 260-
290 °C. Prior to blending, PET underwent SSP
under various conditions [38-39]. The authors
reported that the use of mono-, di-, and
triisocyanates  significantly  increased the
molecular weight of PET during REX - from
12,800/32,000 to 48,200/65,000 for
recycled/virgin PET, respectively [39-40].
Additionally, studies [32-40] demonstrated a
substantial reduction in the melt flow index from
80 to 1 g/10 min, along with an increase in tensile
strength from 51 to 65 MPa. It was also shown that
melt flow index can be effectively tuned by
adjusting the type and concentration of CE (from
0.1 to 1.5 wt.%) without compromising the core
performance properties.

However, not all physical-mechanical
properties of PET modified with ISC improved. In
particular, resistance to dynamic and impact loads
remained largely unchanged, which is a critical
limitation. It is likely that ISC-based modification
does not positively influence the degree of
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crystallinity, regularity, or supramolecular
architecture of PET and its derivatives.

One of the major drawbacks that severely
limits the large-scale industrial implementation of
PET reactive extrusion products with ISC is the
potential formation of highly toxic degradation
products, primarily hydrogen cyanide (HCN) and
its organic derivatives. According to toxicological
classifications, these substances are considered
“Extremely Hazardous” (Flammable substance -
Category 1; Oral toxicity - Category 1; Dermal
toxicity - Category 1; Inhalation toxicity -
Category 1; Poisonous substance - Category 1;
Fatal upon contact) [41].

Reactive extrusion of poly(ethylene
terephthalate) in the presence of biscaprolactams

Biscaprolactams are among the most recent
and promising CEs for PET. According to studies
[10; 42; 43], carbonyl biscaprolactam is an
effective agent for initiating chain extension
reactions involving hydroxyl end groups of PET
degradation products via the following
mechanism:

(8)

Interaction of carbonyl biscaprolactam with hydroxyl end groups of PET degradation products

Unfortunately, the authors did not provide
details regarding the blending methods or SSP
conditions for PET, nor did they report on the
physical-mechanical properties of the resulting
materials. However, the molecular weight of PET
modified with CBC as a chain extender (within a
concentration range of 0.1-1.5 wt.%) reached
68,000, and further increased to 82,000 when a
stoichiometric mixture of CBC and PMDA was
used.

Despite the promising potential of CBC as a CE
for PET, the limited amount of available data
prevents a reliable assessment of its practical

applicability.

Reactive extrusion of poly(ethylene
terephthalate) in the presence of organic
phosphites

Organic phosphites are among the most
ambiguous modifiers of PET properties [10].
Depending on their molecular structure, this class
of compounds may act as CEs, chain growth
catalysts, transesterification inhibitors, flame
retardants, or even promote PET degradation [44-
46]. The following findings have been reported:

—  triaryl phosphites can function as chain
extenders, with triphenyl phosphite showing the
highest efficiency.

—  triaryl phosphites may also serve as chain
growth catalysts during the synthesis of PET-
polyethylene naphthalate copolymers via REX.

— di- and trialkyl phosphites can accelerate
hydrolytic degradation and significantly reduce
the rate of SSP.

Chain extension of PET with triaryl phosphites
proceeds via a two-step mechanism:
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Step 2 - Chain extension reaction during REX
involving carboxyl end groups of PET degradation
products and the intermediate product, formed by
according reaction 9

Unfortunately, limited attention was paid to the
SSP treatment of PET prior to reactive extrusion.
The referenced studies did not report processing
conditions, changes in molecular weight, or the
physical-mechanical properties of the modified
products [47-49]. Despite the promising potential
of triaryl phosphites as chain extenders for PET,
the scarcity of available data prevents a reliable
assessment of their practical applicability.

Based on the reviewed information, chain
extension remains an effective strategy for
increasing the molecular weight of PET during its
degradation. The wide variety of available chain
extenders also enables targeted modification of
rheological properties and enhancement of
physical-mechanical performance, except for
resistance to dynamic and impactloads. According
to the authors [44-49], improving impact
resistance can be achieved through conventional
non-reactive and reactive modification
techniques, such as the incorporation of

H O
Y/
P/

(10)

oligomeric compounds of various chemical
natures.

However, practical evidence suggests that a
high number of conformational transitions, even
after modification, leads to crystallization of PET
in all phase states. Therefore, in addition to
increasing or maintaining molecular weight and
limiting degradation products, it is also relevant to
reduce the rate of conformational transitions from

cis-PET to trans-PET. This may require a different

modification  strategy involving auxiliary
compounds rather than conventional chain
extenders.

Reactive extrusion of poly(ethylene

terephthalate) with structure-directing agents
During the processing of PET into finished
products, the polymer undergoes a rapid
transition from a viscous melt to a glassy state.
This results in the formation of fine spherulites
distributed throughout the polymer matrix [50-
52]. This phenomenon is associated with the so-
called “freezing” of spherulite growth, which
significantly increases the proportion of
amorphous phase in the material. In contrast, slow
cooling [52-60] leads to chaotic growth of



244

Journal of Chemistry and Technologies, 2026, 34(1), 237-248

supramolecular aggregates, increased
crystallinity, and ultimately prevents the
attainment of optimal physico-mechanical
properties [53-55].

It is therefore reasonable to assume that
achieving optimal performance in PET-based
products requires uniform distribution of
supramolecular aggregates, stability of their
geometric dimensions, and an optimal crystalline
phase content. In practice, this can be achieved
through the use of structure-directing agents -
nucleating agents (NAs) and crystallization
accelerators.

Traditional inorganic NAs used for polyolefins
(e.g., talc) are ineffective for PET modification.
However, a series of studies has shown that alkali
metal salts (sodium, lithium, calcium, barium) of
carboxylic acids are highly effective NAs for PET
[56-61]. This is attributed to their superior
thermodynamic compatibility with PET and their

ability to distribute uniformly and efficiently
throughout the polymer matrix. It was found [56-
58] that salts of carboxylic acids interact with PET
via ester groups, resulting in chain scission and the
formation of alkali metal carboxylates. Notably,
the effectiveness of these NAs decreases
significantly with prolonged processing time,
which is linked to disproportionation reactions
forming bimetal terephthalates.

In industrial practice, a three-component
“nucleator blend” is commonly wused for
processing recycled PET. This blend includes:

—  sodium stearate (serving as a chemical
nucleating agent);

—  sodium ionomers (ensuring uniform
dispersion of components in the polymer melt,
acting as both nucleator and compatibilizer);

—  polyester esters (enhancing segmental
mobility of PET).

Table 1
Commercially available reactive NAs for PET [10]
Trade Name Chemical Type Manufacturer Functionality in PET Notes
BXNA 11 Sodium carboxylate Baoxu Chemical Nucleatlon, clarity Effective for PET and
improvement PP
Licomont CaV 101 Ca.lc1um-based carboxylic Clariant Crystallization control, Tl_lermally stable,
acid salt NA widely used
Hyperform HPN Proprietary organic salt Milliken Nucleation, isotropic Used in PET
900ei blend € shrinkage thermoforming
Sandostab 4030 Met.al t(lerephthalate Clariant Nuclle'atloln, melt May interact with
derivative stabilization ester groups
BX NA PTBBA Aromatic carboxylic acid Baoxu Chemical Nucleation, melt flow ComPatlble with PET
salt control matrix
BX NA SB Sodium stearate Baoxu Chemical Chemical nucleator, Often used in

dispersion aid nucleator blends

Manufacturers of NAs report that their use
enhances both the rate and temperature of
crystallization, ensures uniform distribution of
fine spherulites throughout the polymer matrix,
and significantly reduces holding time under
pressure during PET processing in injection
molding machines. The concentration of NAs in
PET compositions typically ranges from 0.25 to
4 wt.% [10].

Recently, novel NAs based on pyrrole salts have
gained increasing popularity. These compounds
are recognized as chemical nucleation promoters
that do not significantly reduce the molecular
weight of PET [10].

Reactive extrusion of poly(ethylene
terephthalate) with impact modifiers
To reduce the rate of conformational

transitions from cisPET to transPET and to
enhance resistance to dynamic and impact loads,

the industry increasingly employs terpolymers of
the ethylene-alkyl acrylate-glycidyl methacrylate
class, as well as elastomers functionalized with
maleic anhydride [10].

Currently, leading manufacturers such as
DuPont, Exxon, Asahi Kasei, Kraton, and Atofina
offer a wide range of such products (see Table 2).
These terpolymers interact with PET via epoxy
groups and the hydroxyl and/or carboxyl end
groups. Each block of the terpolymer - similar to
the case of ABS plastics - plays a specific role in
relation to PET: the ethylene segment imparts
elasticity and ductility; the alkyl acrylate segment

contributes polarity and flexibility; and the
glycidyl  methacrylate  segment  provides
reactivity.

Schematically, the interaction of glycidyl

methacrylate-based terpolymers with PET may
proceed as follows:
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terpolymers with the end groups of PET
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The interaction of thermoplastic elastomers
functionalized with maleic anhydride proceeds
analogously to the first stage of PET-PMDA
reaction.
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As noted by the authors [10], the simultaneous
incorporation of reactive and non-reactive impact
modifiers into PET significantly enhances the
resistance of PET-based products to dynamic and
impact loads. This improvement is attributed to
the reduction in the size of supramolecular
aggregates and their more uniform distribution

throughout the polymer matrix.
Table 2

Commercially available reactive impact modifiers for poly(ethylene terephthalate) [10]

Trade Name Chemical Type Manufacturer Functional Group(s) Notes
Ethylene-alkyl Reactive terpolymer;
Elvaloy® PTW acrylate-glycidyl DuPont Epoxy (GMA) improves impact strength
methacrylate and flexibility
Ethylene-acrylate- Arkema Reactive elastomer;
Lotader® AX8900 yie Ty : Maleic anhydride (MAH) ~ compatibilizer and impact
maleic anhydride (Atofina) i
modifier
. . Thermoplastic elastomer;
Kraton™ FG1901 SEBS fun.ct1onahzeld Kraton Polymers  Maleic anhydride (MAH) improves toughness and
with maleic anhydride .
adhesion
Tafmer™ MA Pplyoleﬁr} elastomfer Mitsui Chemicals Maleic anhydride (MAH) psed n PE.T blends for
with maleic anhydride impact resistance
BYNEL™ Series Functhnal polyolefins DuPont MAH, GMA, others Adhesmn prloimoters and
(various grades) impact modifiers
Maleated polvethvlene Used in small amounts for
Epolene™ G vr\)/axy y Westlake Maleic anhydride (MAH) dispersion and interfacial

adhesion

During the reactive modification of PET with
oligomeric products, the size of supramolecular
aggregates was reduced to below 1 um, compared
to the typical range of 1.5-3.0 um. This reduction
contributed to a substantial increase in notched
[zod impact strength—from 0.46 to 700 J/m. Such
performance qualifies the modified PET as a high-

strength engineering plastic suitable for impact-
resistant grades. However, the total concentration
of the modifier may exceed 20wt.%, which
significantly increases the cost of the final product.

The concept of using reactive impact modifiers
(RIMs) is technically justified. Nevertheless, it is
equally important to consider the potential for
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increasing PET’s molecular weight via chain
extension. Simultaneous application of RIMs and
CEs may lead to mutual interactions between the
components, which do not necessarily result in
improved property profiles.

Therefore, a comprehensive approach is
recommended, involving:

- the use of non-reactive impact modifiers;

- SSP accelerators;

- nucleating agents and other morphological
regulators.

Conclusions

Reactive extrusion is a versatile and promising
method for modifying the properties of
poly(ethylene terephthalate), enabling
simultaneous synthesis and shaping of the
material. The use of chain extenders of various
chemical natures allows for increased molecular
weight, improved strength, modulus of elasticity,
and thermal stability.

Among the studied reagents, isocyanates,
biscaprolactams, and polyfunctional epoxides
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